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TITLE OF THE INVENTION 

OFF-TRACK RETRY METHOD IN HARD DISK DRIVE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the priority of Korean Patent Application No. 2002-61493, filed 
on October 9, 2002, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] . The present invention relates to a method of recovering errors in a hard disk drive 
(HDD), and more particularly, to an off-track retry method for recovering off-track errors. 

2. Description of the Related Art 

[0003] Data can be recorded on each sector of a hard disk drive (HDD). If an error occurs 
during recording/reading of data on/from a desired sector of a data storage medium it is 
possible to try to record/read the data again to the disk head on the desired track of the data 
storage medium \Nhen thedesjred track comes back again while the data storage medium is ^ 
rotating, which is called a retry. . . . 

[0004] There are different retry methods available in a hard disk drive, capable of recovering 
errors triggered by different causes. One of the retry methods is an off-track retry method. 

[0005] An off-track error indicates an error occurring when data is recorded off the centerline 
of a desired track rather than on the centerline of the desired track. Therefore the data cannot 
be. read via a normal tracking method. 

[0006], When recording data on a hard disk drive, data may be recorded offrtrack due to 
repeatable run-out or non-repeatable run-out components inside and outside of the hard disk 
drive. It is impossible to read the data from the hard disk drive by a normal tracking method in 
which a head is placed over the centerline of a track where the data is expected to be. 
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[0007] FIG. 1 is a flowchart of a conventional off-track retry method. Referring to FIG. 1 . a 
disk read command to read data from a specific address of a hard disk drive is applied from a 
host in operation si 02. VVhen data has been recorded off-track at a corresponding address, a 
read error occurs in operation s104 because it is impossible to read the data via a typical error 
recovery method. 

[0008] There may be many reasons for a read error other than an off-track error. The hard 
disk drive performs various error recovery methods as part of a retry routine. An off-track retry 
method is a type of error recovery method. 

[0009] . When a read error occurs, the hard disk drive performs predetermined retry methods 
including, an pff-track retry method in order to correct the read error in operation si 06. 

[0010] According to the conventional off-track retry method, a head is forced to be offset from 
either side of the centerline of a desired track by a predetermined distance in order to determine 
whether data is read correctly, i.e., whether a read error is recovered. Generally, the head is 
moved toward either side of the desired track from the centerline of the desired track by as 
much as ± 15%. The degree to which the data is recorded off the centerline of a desired track 
where the data was supposed to be recorded is represented by a percentage, and and . 
indicating the off-track directions. : 

{0011] Then, it is determined whether the data has been read correctly in operation si 08. If 
the data has been read correctly, the next command is performed in operation si 10. If the data 
has not been read correctly, a read failure is announced in operation si 1 2. 

[0012] According to the conventional off-track error recovery method shown in FIG. 1 , 
whether the data has been read conrectly is determined based upon the result of reading data 
from places offset either side of the centerline of a desired track in and directions by a 
predetermined off-track'amount. 

[0013] Since a hard disk drive cannot figure out how far off-track the data is offset from the 
centerline of a desired track where the data was supposed to be recorded at a predetermined . 
address, it is determined whether or not the data has been read correctly, based upon the result 
of reading data which is offset from either side of the desired track in and directions by a 
predetermined off-track amount. 
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[0014] However, the conventional off-track error recovery method has several disadvantages. 
First, the probability of reading data correctly based upon a predetermined off-track amount is 
low because a predetennined off-track amount can never be an optimum even though it has 
been obtained through experiments most likely to read data correctly from an off-track position. 

[001 5] If an arbitrary off-track amount is applied when another error exists in addition to an 
off-track error, such as a weak write error, the probability of the off-track error recovery method 
providing successful outcomes is even lower. - 

[0016] A weak write error is an error where data cannot be written with sufficient write power 
even though a predetermined write current is normally applied to a head. For example, such a 
weak write error is more likely to occur on a data storage medium at low temperatures because 
the coercive force of the data storage medium increases at low temperatures. 

SUMMARY OF THEJNVENTION ' ^ _ 

[0017] Accordingly, it is an aspect of the present invention to provide an improved off-track 
retry method capable of optimizing an off-track retry operation. ^ 

[0018] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. . 

[0019] The foregoing and/or other aspects of the- present invention are achieved by providing 
an off-track retry method for recovering data incorrectly read due to a read error caused by an 
off-track error in a disk drive. The off-track retry method comprises extracting read gain 
characteristics while varying an off-track amount, determining an off-track amount, i.e., off-track 
direction and degree, based upon the read gain characteristics, reading data using the 
determined off-track amount, determining whether the read data is normal and determining 
whether the data incorrectly read due to the read error has been recovered based upon the 
result. . ' " - 

[0020] Reading the data comprises reading data by moving a head away from the centerline 
of a track by up to the determined off-track amount, and reading data by moving the head away 
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from the centerline of the track by up to an off-track range having a predetermined difference 
with the determined off-track amount. 

[0021] Determining the off-track amount comprises measuring read gains while gradually 
varying an off-track amount within a predetermined off-track range that does not cause a cross- 
erase problem, determining an off-track direction based upon the gradient of a curve of the 
measured read gains, and identifying an off-track amount corresponding to a minimum of the 
measured read gains. 

[0022] Determining the off-track amount comprises measuring read gains at three places, on 
the centerline of a track and a plurality of places at either side of the centerline of the track and 
determining an off-track direction based upon the gradient of a curve of the measured read 
gains, measuring read gains while gradually varying an off-track amount within a predetermined 
off-track range that does not cause a cross-erase problem, and identifying an off-track amount 
corresponding to a rnihimum of the measured read gains. . ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] these together with other aspects and advantages of the invention will become 
apparent and more readily appreciated from the following description of the preferred 
embodiments taken in conjunction with the accompanying drawings of which: * . 

' . FIG. 1 is a flowchart of a conventional off^rack retry method; 

FIG. 2 is a flowchart of an off-track retry method according to an embodiment of the 
present invention; 

FIG. 3 is a detailed flowchart of the off-track rietry method shown ia FIG. 2; and 
FIGS. 4A and 4B are diagrams illustrating a step of extracting read gain characteristics 
in the off-track retry method shown in FIG. 2. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS. 

[0024] Reference will now be made in detail to the present preferred embodiments of the . 
present invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to the like elements throughout. 
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[0025] FIG. 2 is a flowchart of an off-track retry method according to an embodiment of the 
present invention. In operation s202 of FIG. 2, a disk read command reads a specific address 
of a disk. 

[0026] If data is recorded off-track at the corresponding address, a read error occurs in 
operation s204 because it is impossible to read the data with a normal tracking method. 

[0027] When a read error occurs, a hard disk drive performs a retry operation as well as 
various error recovery methods and an off-track error recovery operation in operation s206. 

[002i3] According to the off-track error recovery method in operation s206, an off-track 
amount at the corresponding address is determined, and then the data recorded off-track is 
read with the use of the off-track amount. , ; 

[0029] It is determined whether the data has been correctly read jn operation s208. 

[0030] If the data has been correctly read, the next command is performed in operation s210. 
If the data has not been correctly read, the process of reading the data recorded off-track is 
considered as a failure in operation s21 2. 

[0031] According to the off-track error recovery method, an off-track amount is measured at a 
place where a read error has occurred, and data is read with the use of the measured offrtrack 
amount. Thus, the off-track error recovery can provide an optimal solution to a read error 
. caused by an off-track error. ^ , 

[0032] FIG. 3 is a detailed flowchart of the off-track retry method shown in FIG. 2. As shown 
in FIG. 3, the off-track retry method comprises extracting read gain characteristics while varying 
an off-track amount in operation s302, determining off-track direction and degree based upon 
the extracted read gain' characteristics in operation s304, reading data using a determined off- 
track amount in operation s306, determining whether the read data is normal and determining 
whether the error recovery is successful in operation s308 based upon the results. 

[0033] An off-track amount at a predetermined address is determined, and then data is read 
with the use of the determined off-track amount. Accordingly, the off-track error recovery 
method can optimize a retry operation. 
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[0034] FIGS. 4A and 4B are diagrams illustrating a process of extracting gain characteristics 
in an off-track retry method. Referring to FIGS. 4A and 4B, the pff-track direction and degree 
are measured using read gains. Read gain characteristics can be obtained by measuring a 
read gain in each off-track level while gradually increasing an off-track amount, for example, 
from -20 % to +20 %. 

[0035] In a hard disk drive, signals read from a disk are amplified to a predetermined level by 
a head amplifier. Accordingly, the read gain obtained in the head amplifier varies in inverse 
proportion to the amplitude of the read signals. For example, when the amplitude of a signal is 
low, the amount of read gain is high. However, when the amplitude of a signal is high, the 
amount of read gain is reduced. 

[0036] In a case where data is normally magnetized, as shown in FIG. 4A, where data is 
recorded on the centerline of a track, read gain is smallest at a place where the off-track is zero. 
As the absolute value of an off-track amount increases, read gain also increases in both and 
■-' diriections. 

[0037] However, in a case where data is magnetized in a direction, as shown in FIG. 4B, 
where data is recorded in a place which is off the centerline of a desired track toward the center 
of a disk by -20 %, read gain is smallest when the off-track amount reaches -20 %. As the off- . 
track amount increases, read gain also increases. However, in a case where data is 
magnetized in a '+' direction, read gain is smallest when an off-track amount reaches. +20 
and as the. off-track amount increases, read gain continues to decrease. Accordingly, it is 
possible to determine off-track direction and degree by using measureid read gain 
characteristics. The off-track amount is varied within a predetermined range that does not 
cause a cross-erase problem. 

[0038] . In a read gain curve, a place where a smallest read gain is located corresponds to the 
degree to which data is recorded off-track. 

[0039] An off-track direction can be identified based upon the gradient of a read gain curve 
showing read gain characteristics. As shown in FIG. 48, when a read gain curve has a rising 
tendency, a direction is determined as an off-track direction. However, when the read .gain 
curve has a falling tendency, a '+' direction is determined, as an off-track direction. 
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[0040] There are two different methods of measuring an off-track amount. One is a method 
of determining the off-track direction and amount at the same time by measuring read gains at 
different places while gradually varying an off-track amount within a predetermined off-track 
range, and the other is a method of obtaining an off-track amount by measuring a read gain first 
at three points, i.e., one point on the centerline of a track and two points at either side of the 
centreline of the track, determining an off-track direction based upon the results of the 
measurement, and then measuring read gains in places in the selected off-track direction. 

[0041] In the first method of measuring ah off-track amount, read gains are measured while 
gradually varying an off-track amount within a predetermined off-track range that does not cause 
a cross-erase problem. ^Thereafter, an off-track direction is determined based upon the gradient 
of a curve of the measured read'gains. Then, the read gains are differentiated, and an off-track 
amount corresponding to a maximum value among the results of the differentiation is obtained. 

[0042] In the second method, the read gains are measured at three places, i.e., one place on 
the centerline of a track and two places at either side of the centerline of the track, and then an 
off-track direction is determined based upon the gradient of a curve of the measured read gains. 
Thereafter, the read gains are. measured again while gradually varying an off-track amount in a 
predetermined off-track range that does not cause a cross-erase problem. The measured read : 
gains are differentiated, and then an off-track amount corresponding to the maximum value 
among the results of the differentiation is obtained. 

[0043] In the first method, the number of calculations may increase unnecessarily,. and; * \ 
therefore, the second method is more effective than the first method. 

[0044] It is possible to perform an off-track retry operation more effectively using an off-track 
amount determined in the above method as well as other off-track amounts having a slight 
difference with the determined off-track amount. For example, when an off-track amount 
determined through the above method is "x", it is more effective and stable to perform an off- 
track retry operation.by taking advantage of off-track amounts "x+5" and "x-5" as well as "x". 

[0045] As described above, in the off-track retry method according to the present invention, it 
is possible to provide an optimal retry operation by precisely measuring an off-track amount 
right at the place where a read error has occurred and then reading data using a head moved 
away from the centeriine of a track by as much as the measured off-track amount. 
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[0046] Although a few embodiments of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in this 
embodiment without departing from the principles and spirit of the invention, the scope of which 
is defined in the claims and their equivalents. 



